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Neuroendocrine (NE ) cells occur as scattered foci within 
prostatic adenocarcinoma, similar to their distribution within . ductal 
epithelial cells of the normal prostate. However, the density of NE 
cells is often greater in prostate carcinomas than in normal tissue, and 
the frequency of NE cells correlates with tumor grade, loss of 
androgen sensitivity, autocrine/paracrine activity, and poor prognosis. 
Although NE cells are nonmitotic, proliferating cells are found in 
direct proximity to them, suggesting that NE cells provide paracrine 
stimuli for surrounding carcinoma cells. In vitro, differentiation of the 
LNCaP and PC3M prostatic tumor cell lines to a NE phenotype can 
be induced by dibutyryl cyclic AMP (cAMP) , suggesting that physiological 
agents that increase intracellular concentrations of cAMP might regulate 
NE differentiation in vivo. Indeed, we demonstrate in this report 
that LNCaP cells acquire NE characteristics in response to 
treatment with physiological and pharmacological agents that elevate 
intracellular cAMP, agents such as epinephrine, isoproterenol, forskolin, 
and dibutyryl cAMP. The androgen- independent LNCaP-derived cell line 
C4-2 also responded to these agents, indicating that cells representing 
later stages of tumor progression are also capable of differentiation. The 
NE phenotype in this study was monitored by the appearance of dense 
core granules in the cytoplasm, the extension of neuron-like processes, 
loss of mitogenic activity, and expression of the NE markers 
neuron-specific enolase, parathyroid hormone -related peptide, neurotensin, 
serotonin, and chromogranin A. However, contrary to previous reports, we 
observed rapid loss of the NE phenotype in both LNCaP and C4-2 
cells upon withdrawal of inducing agents. Withdrawal also resulted in a 
rapid, dramatic increase in tyrosine kinase and mitogen-activated protein 
kinase activities, suggesting that activation of these intracellular 
signaling enzymes may be important for reentry into the cell cycle. 
Together, these results indicate that chronic cAMP-mediated signaling is 
required to block proliferation of prostate tumor cells and to induce 
NE differentiation. 

Acquisition of neuroendocrine characteristics by prostate tumor 
cells is reversible: implications for prostate cancer progression. 
Aug 1 1999, 

Neuroendocrine (NE ) cells occur as scattered foci within 
prostatic adenocarcinoma, similar to their distribution within ductal 
epithelial cells of the normal prostate. However, the density of NE 
cells is often greater in prostate carcinomas than in normal tissue, and 
the frequency of NE cells correlates with tumor grade, loss of 
androgen sensitivity, autocrine/paracrine activity, and poor prognosis. 
Although NE cells are nonmitotic, proliferating cells are found in 
direct proximity to them, suggesting that NE cells provide paracrine 
stimuli for surrounding carcinoma cells. In vitro, differentiation of the 
LNCaP and PC3M prostatic tumor cell lines to a NE phenotype can 
be induced by dibutyryl cyclic AMP (cAMP) , suggesting that physiological 
agents that increase intracellular concentrations of cAMP might regulate 



NE differentiation in vivo. Indeed, we demonstrate in this report 
that LNCaP cells acquire NE characteristics in response to 
treatment with physiological and pharmacological agents that elevate 
intracellular cAMP, agents such as epinephrine, isoproterenol, forskoiin, 
and dibutyryl cAMP. The androgen- independent LNCaP -derived cell line 
C4-2 also responded to these agents, indicating that cells representing 
later stages of tumor progression are also capable of differentiation. The 
NE phenotype in this study was monitored by the appearance of dense 
core granules in the cytoplasm, the extension of neuron- like processes, 
loss of mitogenic activity, and expression of the NE markers 
neuron-specific enolase, parathyroid hormone -related peptide, neurotensin, 
serotonin, and chromogranin A. However, contrary to previous reports, we 
observed rapid loss of the NE phenotype 
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The neuroendocrine (NE ) cell is a minor cell population in 
normal human prostate glands. The number of NE cells is increased in 
advanced hormone -refractory prostate carcinomas (PCA) . The mechanism of 
increased NE cell population in these advanced tumors is poorly 
understood. We examined molecular mechanisms which may be involved in the 
regulation of the transdif f erentiation process of human PCA cells leading 
to a NE phenotype. We compared PCA cell lines LNCaP and PC-3 in 
the following medium conditions: steroid-reduced (SR) , interleukin-6 
(IL-6) -supplemented, or dibutyrate cAMP (db-cAMP) -supplemented . We found 
that androgen -responsive C-33 LNCaP cells responded to all 
treatments, having a neuronal -like morphology. In contrast, C-81 
LNCaP cells, having a decreased androgen responsiveness, had a less 
pronounced effect although followed a similar trend. Androgen -unresponsive 
PC-3 cells showed little change in their morphology. Grown in the SR 
condition, the level of neuron-specific enolase (NSE) , a marker of neuronal 
cells, was upregulated in C-33 LNCaP cells, while to a lesser degree 
in the presence of IL-6. In the presence of db-cAMP, the NSE level in C-33 
cells was decreased, lower than that in control cells. An opposite effect 
was observed for C-81 LNCaP cells. Nevertheless, the NSE level was 
only elevated in db-cAMP- treated PC-3 cells, but no change was found in 
PC-3 cells grown in the SR- or IL-6 -supplemented medium. Thus, a similar 
gross phenotypic change may correlate with differential molecular 
expressions. We also analyzed the expression of protein tyrosine 
phosphatase alpha (RPTPalpha) since it plays a critical role in normal 
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Prostate-specific antigen (PSA), a M(r) 34,000 serine .protease, is 
recognized as a useful marker for the detection and prognosis of patients 
with prostate cancer. Although serum PSA is an excellent prognostic 
indicator, an increasing number of factors were found to regulate the PSA 
expression of prostatic cancer cells, which include androgenic steroids, 
the growth factors (GFs) and the extracellular matrix. The purpose of this 
study is to define a novel protein factor that may be responsible for 
regulating PSA expression by androgen- independent (AI) human prostate 
cancer cells. We have established a LNCaP subline (C4) from a 
parental LNCaP tumor grown in a castrated host. The C4 subline 
overexpressed PSA mRNA and protein. Serum-free conditioned medium (CM) 
isolated from the C4 subline is able to stimulate PSA gene expression in 
parental LNCaP cells in a concentration-dependent manner. This 
autocrine PSA- inducing activity was found to be organ specific because CMs 
from other fibroblast cell lines (such as bone, prostate, kidney, and lung 
fibroblasts) and the CMs from several prostatic carcinoma cell lines (such 
as parental LNCaP , PC-3, DU-145) and a bladder transitional 
carcinoma cell line (WH) fail to exhibit similar activity. The activity of 
the CM from the C4 subline cannot be substituted by GFs such as TGF-alpha, 
TGF-beta, bFGF, HGF, KGF, or NGF; neuropeptide (bombesin/GRP) ; secondary 
messenger analogue (dibutyryl cAMP) ; beta 2 -adrenergic agonist 
(isoproterenol) ; or alpha 1 -adrenergic agonist (phenylephrine) , indicating 
that the factor (s) may be a novel prostate-specific autocrine factor 
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PURPOSE: To better understand the source of neuroendocrine cells 
associated with human prostate cancer progression, we studied the ability 
of a cultured prostate cancer cell line, LNCaP, to transdif ferentiate 
into neuroendocrine -like cells in vitro and in vivo. MATERIALS AND 
METHODS: Cyclic AMP concentrations were measured in extracts of LNCaP 
cells cultured in the presence of normal or hormone -deficient medium 
(containing charcoal -stripped serum) with the use of an immunoassay. 
Quantitative RT-PCR procedures were used to determine whether hormone 
depletion affects TGF-beta2 mRNA expression. Western blotting procedures 
(for neuron specific enolase [NSE] ) were used to determine whether 
TGF-beta2 supplementation or antibody neutralization might affect the 
ability of cultured LNCaP cells to transdif ferentiate to 
neuroendocrine -like cells. Finally, tumors formed from LNCaP 

cells xenografted into male nude mice were evaluated for the presence of 
neuroendocrine cells (prior and subsequent to castration of the host 
mouse) using an immunohistochemical stain for chromogranin A. RESULTS: 
LNCaP cells cultured in a hormone -deficient medium have a mean 9 -fold 
increase in cyclic AMP (p = 0.02) and a significant decline in the 
expression of TGF-beta2 mRNA when compared with cells grown in normal 
medium. Supplementation or depletion of TGF-beta2 did not affect the 
neuroendocrine conversion of LNCaP cells as assessed by NSE 
expression patterns. LNCaP tumors growing in castrated male nude mice 
were found to have significantly increased numbers of chromogranin A 
positive neuroendocrine cells (4 6/high powered field) when compared 
with tumors growing in intact male mice (3/high powered field) (p = 
0.0038). CONCLUSIONS: Exposure of LNCaP cells to a hormone deficient 
medium drastically increased cyclic AMP production and this may identify 
the biochemical pathway through which hormone depletion induces a 
neuroendocrine conversion of prostate cancer cells. Hormone depletion 
also reduced TGF-beta2 mRNA expression and this finding was consistent with 
our inability to demonstrate any effect of TGF-beta2 on 
neuroendocrine conversion in vitro. Finally, our demonstration of 
increased neuroendocrine cells found in LNCaP tumors growing in 
castrated immunodef icient mice suggests that the neuroendocrine cells 
associated with advanced human prostate tumors in vivo, arise from prostate 
cancer cells through the transdif f erentiation process. 

Transdif f erentiation of prostate cancer cells to a neuroendocrine 
cell phenotype in vitro and in vivo. 
Nov 1999, 

PURPOSE: To better understand the source of neuroendocrine cells 
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Recent clinicopathologic studies have shown that many prostatic 
adenocarcinomas express focal neuroendocrine differentiation and that 
neuroendocrine differentiation is most apparent in advanced 
anaplastic tumors. While studying growth-regulatory signal transduction 
events in human prostate carcinoma cell lines, we found that in two of four 
cell lines, the androgen-sensitive line LNCaP and the highly 
metastatic androgen- independent line PC-3-M, elevation of cAMP through 
addition of cAMP analogues or phosphodiesterase inhibitors induced a 
markedly neuronal morphology. Also in LNCaP cells ultrastructural 
analysis showed that cAMP induced the appearance of neurosecretory 
cell-like dense-core granules. Phenotypic analysis of untreated LNCaP 
and PC-3-M cells showed that both cell lines express markers of the neural 
crest including S-100, chromogranin A, pp60c-src, and neuron-specific 
enolase as well as the epithelial marker KS1/4 and stage-specific embryonic 
antigen 4. In PC-3-M cells, cAMP markedly elevated neuron-specific enolase 
protein and caused an increase in the specific activity of the 
neuroendocrine marker pp60c-src, and in both cell lines expression of 
KS1/4 and stage-specific embryonic antigen 4 was down-regulated. In 
addition to effects on lineage markers, cAMP treatment induced Gl 
synchronization, growth arrest, and loss of clonogenicity , indicating 
terminal differentiation. Our data provide direct evidence of plasticity i 



976309 BIOSIS NO.: 199799597454 

Differential expression and regulation of p53 in human prostatic cells. 
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LANGUAGE: English 

ABSTRACT: Although genetic analysis has convincingly shown the association 
possibly existing between alterations in p53 tumor suppressor gene and a 
broad spectrum of human tumors including prostate cancer, surprisingly 
little is known about ways in which p53 at the protein level is 
controlled. To determine factors that may play a role in its regulation 
and expression, changes in p53 protein was investigated by using the 
androgen- insensitive JCA-1, DU-145, PC- 3 and the androgen-responsive 
LNCaP cells. With the exception of PC-3 cells in which p53 is 
missing, multiple distinct forms of p53 were found in the other 3 
prostate cell lines. A single p53 band was detected in the JCA-1 cell 
extracts, whereas two and three p53 immunoreactive bands were 
correspondingly observed in the DU-145 and LNCaP cells. The 
relative abundance and distribution of the different forms of p53 in the 
latter two cell types varied with proliferation of cells in culture. In 
the presence of charcoal-stripped fetal bovine serum (cFBS) , LNCaP 
took on the morphology of neuroendocrine cells, a phenotypic change 
which was accompanied by a greater than 80% reduction in p53 expression, 
concurrent with elimination of the two slow migrating forms of p53. 
Induction of apoptosis in JCA-1 cells by treatment with the retinoid 
4-HPR caused the virtual disappearance of p53, which coincided with 
specific processing of p53 into lower molecular weight 28 kD fragments. 
We propose that rapid and dynamic posttranslational changes in p53 may 
actively participate in determining mutually exclusive functional 
cellular events such as proliferation, differentiation, and apoptosis. 

1997 

1997 

...ABSTRACT: by using the androgen-insensitive JCA-1, DU-145, PC-3 and the 
androgen-responsive LNCaP cells. With the exception of PC-3 cells 
in which p53 is missing, multiple distinct... 

...whereas two and three p53 immunoreactive bands were correspondingly 
observed in the DU-145 and LNCaP cells. The relative abundance and 
distribution of the different forms of p53 in the latter... 

...proliferation of cells in culture. In the presence of charcoal -stripped 
fetal bovine serum (cFBS) , LNCaP took on the morphology of 
neuroendocrine cells, a phenotypic change which was accompanied by 
a greater than 80% reduction in p53 . . . 
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Growth stimulatory effect of the neuroendocrine substance serotonin 

on human prostate cancer cell lines. 
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Abstract: The presence of 3 different neuropeptide mRNAs with a strict 
cell-specific expression in vivo was investigated in 13 tumor cell 
lines from neuroendocrine and in 23 tumor cell lines from non- 
neuroendocrine origin. Northern blots showed no expression of 
mRNA for vasopressin (VP) in the 36 tested cell lines. Very low 
oxytocin (OT) mRNA hybridization signals were detected in the rat 
pituitary tumor cell line GH4C2 and the rat pancreas tumor cell line 
RIN5 . Both the rat pituitary tumor cell line AtT-20 and the human 
myeloid leukemia cell line K562, contained proopiomelanocortin (POMC) 
mRNA. The low incidence of VP, OT and POMC gene expression in the 
tested tumor cell lines was not influenced by treatments inducing 
differentiation. In contrast, the cholecystokinin (CCK) gene which is 
widely present in nervous and endocrine systems was abundantly 
expressed in the human primitive neuroepithelioma cell line SK-N-MC and 
its clonal derivative SK-N-MC- IX-C . The results indicate that the 
expression of neuropeptide genes is very rare in tumor cell lines. The 
lack of expression in undifferentiated cells agrees with the appearance 
of expression after day 13 of the embryogenesis when maturation of 
neurons begins . 

, 1992 

...Abstract: a strict cell -specif ic expression in vivo was investigated in 
13 tumor cell lines from neuroendocrine and in 23 tumor cell 
lines from non-neuroendocrine origin. Northern blots showed no 
expression of mRNA for vasopressin (VP) in the 36 tested... 
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Abstract: The formation and processing of neurotensin (NT) by three 
prostate cancer cell lines was investigated. Neurotensin (NT) 
immunoreactivity was detected in conditioned media and extracts of 
LNCaP cells. Using HPLC techniques, the immunoreactivity 
extracted from LNCaP cells coeluted with synthetic NT standard. 
Metalloendopeptidase 3.4.24.15 activity was detected in PC-3, DU-145 
and LNCaP cells, whereas high levels of neutral endopeptidase 
3.4.24.11 activity was detected only in LNCaP cells. NT was 
relatively stable when incubated with PC-3 or D-145 cells but was 
rapidly degraded by LNCaP cells to NT1-11 and NT1-10. 
Phosphoramidon inhibited the metabolism of NT by LNCaP cells. 
These data suggest that NT is present in and metabolized by LNCaP 
cellular enzymes. (C) 1998 Elsevier Science Inc. 

, 1998 

...Abstract: cell lines was investigated. Neurotensin (NT) immunoreactivity 
was detected in conditioned media and extracts of LNCaP cells. 
Using HPLC techniques, the immunoreactivity extracted from LNCaP 
cells coeluted with synthetic NT standard. Metalloendopeptidase 
3.4.24.15 activity was detected in PC-3, DU-145 and LNCaP cells, 
whereas high levels of neutral endopeptidase 3.4.24.11 activity was 
detected only in LNCaP cells. NT was relatively stable when 
incubated with PC-3 or D-145 cells but was rapidly degraded by 
LNCaP cells to NT1-11 and NT1-10. Phosphoramidon inhibited the 
metabolism of NT by LNCaP cells. These data suggest that NT is 
present in and metabolized by LNCaP cellular enzymes. (C) 1998 
Elsevier Science Inc. 
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Abstract: Reduction in serum prostate-specific antigen (PSA levels has been 
proposed as an endpoint biomarker for hormone - re fraetory human prostate 
cancer intervention. We examined whether a flavonoid antioxidant 
silibinin tan active constituent of milk thistle) decreases PSA levels 
in hormone -refractory human prostate carcinoma LNCaP cells and 
whether this effect has biological relevance. Silibinin treatment of 
cells grown in serum resulted in a significant decrease in both 
intracellular and secreted forms of PSA concomitant with a highly 
significant to complete inhibition of cell growth via a G(l) arrest in 
cell cycle progression. Treatment of cells grown in charcoal -stripped 
serum and 5 alpha-dihydrotestosterone showed that the observed effects 
of silibinin are those involving androgen- stimulated PSII expression 
and cell growth. Silibinin-induced Gl arrest was associated with a 
marked decrease in the kinase activity of cyclin-dependent kinases 
(CDks) and associated cyclins because of a highly significant decrease 
in cyclin Dl, CDK4, and CDK6 levels and an induction of Cipl/p21 and 
Kipl/p27 followed by their increased binding with CDK2 . Silibinin 
treatment of cells did not result in apoptosis and changes in p53 and 
bcl2 suggesting that the observed increase in Cipl/ p21 is a 
p53 -independent effect that does not lead to an apoptotic cell death 
pathway. Consersely, silibinin treatment resulted in a significant 
neuroendocrine differentiation of LNCaP cells as an 

alternative pathway after Cipl/p21 induction and G(l) arrest. Together, 
these results suggest that silibinin could be a useful agent for the 
intervention of hormone -re fraetory human prostate cancer. 

, 1999 

...Abstract: tan active constituent of milk thistle) decreases PSA levels 
in hormone-refractory human prostate carcinoma LNCaP cells and 
whether this effect has biological relevance. Silibinin treatment of 
cells grown in serum. . . 

...not lead to an apoptotic cell death pathway. Consersely, silibinin 
treatment resulted in a significant neuroendocrine 
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Abstract: Intracellular signaling pathways that mediate survival of 

prostate carcinoma (PCa) cells are poorly understood. We examined the 
potential role of the phosphatidylinositol 3' kinase (PI3K) pathway as 
a mediator of cell survival in LNCaP human PCa cells, which 
express a variety of properties characteristic of human prostate 
cancer. LNCaP cell cultures rapidly became apoptotic when treated 
with the specific PI3K inhibitors, wortmannin and LY294002. In 
contrast, apoptosis was not induced when the cells were treated with: 

(a) rapamycin, an inhibitor of the ribosomal S6 kinase pp70(86K), which 
acts downstream of PI3K; (b) PD98059, a specific inhibitor of the 
extracellular signal-regulated kinase/mitogen-activated protein kinase 

(Erk/MAPK) kinase (MEK) ; or (c) the antiandrogen, Casodex; or when the 
cells were cultured under androgen-depleted conditions, Apoptosis 
induced by PI3K inhibition was attenuated by: (a) dihydrotestosterone ; 
or (b) the ErbBl activating ligands [epidermal growth factor (EGF) , 
transforming growth factor a, or heparin-binding EGF-like growth 
factor] , In response to ErbBl activation by ligand, the p85 regulat 
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Abstract: We are interested in the possibility of new prostate cancer 
therapy that would control tumor malignancy via the induction of 
terminal cell differentiation Here, we investigated the combined effect 
of various cAMP reagents an LNCaP human prostate carcinoma cells. 
Papaverine and prostaglandin E-2 (PGE(2)), combined synergistically 
induced morphological changes. Electron microscope study suggested that 
cells treated with both reagents become like neuroendocrine 
cells. We then investigated the effect of both reagents on 
proliferation and malignancy of LNCaP cells. The malignancy of 
cells was analyzed by soft agar colony- forming assay and an in vitro 
invasion assay Proliferation and malignancy of LNCaP cells 
treated with both reagents were significantly decreased in comparison 
to the proliferation and malignancy of untreated cells. Furthermore, 
the expression of oncogenes such as c-myc and Bcl-2 was suppressed in 
differentiated LNCaP cells. These results suggest that papaverine 
combined with PGE2 can synergistically induce neuronal differentiation 
as well as decrease the malignancy of human prostatic cancer 
LNCaP cells. 

...Title: ea synergistically induces neuron- like, morphological changes and 
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...Abstract: of terminal cell differentiation Here, we investigated the 
combined effect of various cAMP reagents an LNCaP human prostate 
carcinoma cells. Papaverine and prostaglandin E-2 (PGE(2)), combined 
synergistically induced morphological changes. Electron microscope 
study suggested that cells treated with both reagents become like 
neuroendocrine cells. We then investigated the effect of both 
reagents on proliferation and malignancy of LNCaP cells. The 
malignancy of cells was analyzed by soft agar colony- forming assay and 
an in vitro invasion assay Proliferation and malignancy of LNCaP 
cells treated with both reagents were significantly decreased in 
comparison to the proliferation and malignancy. . . 

...the expression of oncogenes such as c-myc and Bcl-2 was suppressed in 
differentiated LNCaP cells. These results suggest that papaverine 
combined with PGE2 can synergistically induce neuronal differentiation 
as well as decrease the malignancy of human prostatic cancer 
LNCaP cells. 
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Abstract: Reduction in serum prostate-specific antigen (PSA levels has been 
proposed as an endpoint biomarker for hormone -refraetory human prostate 
cancer intervention. We examined whether a flavonoid antioxidant 
silibinin tan active constituent of milk thistle) decreases PSA levels 
in hormone-refractory human prostate carcinoma LNCaP cells and 
whether this effect has biological relevance. Silibinin treatment of 
cells grown in serum resulted in a significant decrease in both 
intracellular and secreted forms of PSA concomita 
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Neuroendocrine (NE ) differentiation within the primary 
prostate tumor has been correlated with tumor progression and shortened 
patient survival. Serotonin (5 -hydroxytrypt amine , 5-HT) , a known mitogen, 
is found in most neuroendocrine cells of the human prostate. We have 
previously found that human prostatic carcinoma cell lines, PC-3, DU-145 
and LNCaP , display certain NE characteristics. In this study, 
we have examined the effects of several subtype-selective 5-HT receptor 
antagonists on the growth of the three lines. Of these, the 5-HT1A 
antagonist pindobind had the most marked antiproliferative effect in vitro. 
Pindobind also had marked growth- inhibitory effects on the aggressive PC-3 
cell line in vivo, in athymic nude mice. Radioligand binding studies 
indicated the presence of 5-HT binding sites on all three cell lines. Our 
results suggest that 5-HT is involved in the growth of prostate tumor cells 
and may serve as a target for treatment . 
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Human prostatic epithelial cells from an androgen -dependent LNCaP 
cell line were examined in response to conditioned medium (CM) derived from 
phytohemagglutinin (PHA) -stimulated lymphocytes. Addition of CM caused a 
greater than 70% reduction of cell proliferation by cell counting and cell 
cycle. These cells showed Gl phase arrest and the clonogenicity was 
reduced. The growth-modulating effect was dose -dependent and not due to 
cell lysis or apoptosis. The binding of androgen to androgen receptor on 
these cells showed approximately 50% reduction, underlining a proliferation 
reduction mechanism. The prostate-specific antigen (PSA) was downregulated 
to approximately 75% during the process. Cell morphology showed dendritic 
processes extending from cytoplasm and other neuroendocrine cell 
characteristics. The expression of several cytoskeleton and intracellular 
proteins increased as determined by immunostaining on slides and by EL ISA 
procedures. These included vimentin, correlating to cell shape changes, 
cytokeratins 8 and 18, associated with differentiated cell types of 
prostate epithelia, and neuron-specific enolase and serotonin, associated 
with neuroendocrine cells. From these cellular changes, we can infer 
that the cell growth was modulated along with induction of terminal 
differentiation. Activated T cells were demonstrated to be important in 
providing the modulating activity. This growth modulator was semipurified 
and had an estimated molecular weight 13,000 to 24,000 Da. The activity was 
determined to be distinct from TGF, TNF, and some commonly known 
lymphokines. The interaction between lymphoid and prostatic cells in growth 
and development is described. 

Growth regulation and cellular changes during differentiation of human 
prostatic cancer LNCaP cells as induced by T lymphocyte -conditioned 
medium. 

May 1995, 

Human prostatic epithelial cells from an androgen-dependent LNCaP 
cell line were examined in response to conditioned medium (CM) derived from 
phytohemagglutinin (PHA) -stimulated. . . 

... approximately 75% during the process. Cell morphology showed dendritic 
processes extending from cytoplasm and other neuroendocrine cell 
characteristics. The expression of several cytoskeleton and intracellular 
proteins increased as determined by immunostaining... 

with differentiated cell types of prostate epithelia, and 
neuron-specific enolase and serotonin, associated with neuroendocrine 
cells. From these cellular changes, we can infer that the cell growth was 
' modulated along. . . 
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In search of biomarkers that predict of human prostate cancer 
progression, we hypothesized that these markers must be expressed in 
prostatic epithelial cells during multi-step prostate carcinogenesis. Since 
both genetic and epigenetic factors have been implicated in human prostate 
cancer development, two osseous -metastatic experimental models were 
developed in our laboratory, one based on gene transfection and the other 
on stromal-epithelial interaction studies. In the genetic model, PC-3 cells 
transfected with point-mutated c-erbB-2/neu oncogene subsequently acquired 
the potential to metastasize from the prostate to soft tissues and the 
skeleton. In the epigenetic model, sublines derived from the parental 
androgen-dependent LNCaP cell line metastasized from the primary 
tumor to the lymph node and bone. Cells with known lineage relationships 
were cloned from both the primary and the metastatic tumors and were 
characterized extensively using cellular, biochemical, immunohistochemical , 
and molecular techniques. Relevant stage-specific biomarkers associated 
with prostate cancer progression in these two models were defined and used 
to evaluate human prostate tissues obtained from the clinic. In this 
communication, we focused our discussion on the potential importance of 
c-erbB-2/neu oncogene, vimentin, hepatocyte growth factor/scatter factor 
and its receptor, c-met oncogene, tumor angiogenesis and 
neuroendocrine factors as biomarkers for human prostate cancer 
progression. 
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... tissues and the skeleton. In the epigenetic model, sublines derived 
from the parental androgen-dependent LNCaP cell line metastasized 
from the primary tumor to 
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Neuroendocrine (NE ) cells can be identified in benign and 
malignant prostatic epithelia. Factors regulating their presence and their 
functions are poorly understood, mainly due to a lack of suitable 
experimental models. Fifteen in vitro and in vivo prostatic cancer tumor 
models, including a number of newly established in vivo models, were 
studied immunohistochemically for the presence of NE cells under 
different hormonal conditions. None of the in vitro models (PC-3, DU 145, 
LNCaP, and TSU) contained NE cells. Five of the seven xenograft 
models established at this laboratory contained NE cells. In three of 
these, NE cells were found only in the initial mouse passages. In the 
other two (PC-295 and PC-310) , the NE phenotype was stable. NE 
features were confirmed by transmission electron microscopy and by Western 
analysis of chromogranin A expression. Immunohistochemical double -labeling 
experiments confirmed that NE cells in prostate cancer are 
post -mitotic (no Ki-67 expression) and do not express the androgen 
receptor. In the PC-2 95 and PC-310 models, short-term androgen withdrawal 
resulted in a rapidly increased number of NE cells. A time course 
experiment with PC-295 -bearing mice strongly suggests that this increase 
occurred by induction of NE differentiation rather than by rapid 
proliferation and subsequent differentiation or selective persistence. In 
conclusion, these models are suitable to resolve fundamental questions with 
regard to the presence and functions of NE cells in human prostate 
cancer. 
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Etk/Bmx is the newest member of Btk tyrosine kinase family that contains 
a pleckstrin homology domain, an src homology 3 domain, an src homology 2 
domain, and a catalytic domain. Unlike other members of the Btk family 
kinases, which are mostly hemopoietic cell-specific, Etk/Bmx is 
preferentially expressed in epithelial and endothelial cells. We first 
identified this kinase in prostate cancer [Robinson, D., He, F., Pretlow, 
T. St Kung, H. J. (1996) Proc . Natl. Acad. Sci. USA 93, 5958-5962). Here we 
report that Etk is engaged in phosphatidylinositol 3 -kinase (PI3 -kinase) 
pathway and plays a pivotal role in interleukin 6 (IL-6) signaling in a 
prostate cancer cell line, LNCaP . Our evidence that PI3 -kinase is 
involved in Etk activation includes: (i) Wortmannin, a specific inhibitor 
of PI3-kinase, abolished the activation of Etk by IL-6; (ii) a 
constitutively active pllO subunit of PI3 -kinase was able to activate Etk 
in the absence of IL-6; and (iii) a dominant negative p85 subunit of 
PI3-kinase mutant blocked the activation of Etk by IL-6. Interestingly, 
IL-6 treatment of LNCaP induced a remarkable neuroendocrine 
-like differentiation phenotype, with neurite extension and enhanced 
expression of neuronal markers. This phenotype could be abrogated by the 
overexpression of a dominant -negative Etk, indicating Etk is required for 
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Reduction in serum prostate-specific antigen (PSA) levels has been 
proposed as an endpoint biomarker for hormone -refractory human prostate 
cancer intervention. We examined whether a flavonoid antioxidant silibinin 
(an active constituent of milk thistle) decreases PSA levels in 
hormone -refractory human prostate carcinoma LNCaP cells and whether 
this effect has biological relevance. Silibinin treatment of cells grown in 
serum resulted in a significant decrease in both intracellular and secreted 
forms of PSA concomitant with a highly significant to complete inhibition 
of cell growth via a Gl arrest in cell cycle progression. Treatment of 
cells grown in charcoal- stripped serum and Salpha-dihydrotestosterone 
showed that the observed effects of silibinin are those involving 
androgen-stimulated PSA expression and cell growth. Silibinin-induced Gl 
arrest was associated with a marked decrease in the kinase activity of 
cyclin-dependent kinases (CDKs) and associated cyclins because of a highly 
significant decrease in cyclin Dl, CDK4, and CDK6 levels and an induction 
of Cipl/p21 and Kipl/p27 followed by their increased binding with CDK2 . 
Silibinin treatment of cells did not result in apoptosis and changes in p53 
and bcl2, suggesting that the observed increase in Cipl/p21 is a 
p53 -independent effect that does not lead to an apoptotic cell death 
pathway. Conversely, silibinin treatment resulted in a significant 
neuroendocrine differentiation of LNCaP cells as an alternative 
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Neuroendocrine (NE ) cells occur as scattered foci within 
prostatic adenocarcinoma, similar to their distribution within ductal 
epithelial cells of the normal prostate. However, the density of NE 
cells is often greater in prostate carcinomas than in normal tissue, and 
the frequency of NE cells correlates with tumor grade, loss of 
androgen sensitivity, autocrine/paracrine activity, and poor prognosis. 
Although NE cells are nonmitotic, proliferating cells are found in 
direct proximity to them, suggesting that NE cells provide paracrine 
stimuli for surrounding carcinoma cells. In vitro, differentiation of the 
LNCaP and PC3M prostatic tumor cell lines to a NE phenotype can 
be induced by dibutyryl cyclic AMP (cAMP) , suggesting that physiological 
agents that increase intracellular concentrations of cAMP might regulate 
NE differentiation in vivo. Indeed, we demonstrate in this report 
that LNCaP cells acquire NE characteristics in response to 
treatment with physiological and pharmacological, agents that elevate 
intracellular cAMP, agents such as epinephrine, isoproterenol, forskolin, 
and dibutyryl cAMP. The androgen- independent LNCaP-derived cell line 
C4-2 also responded to these agents, indicating that cells representing 



